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A complexometric method for the determination of mer-
cury(II) in presence of other metal ions is described based on the 
selective masking action of 1-propane thiol towards mercury(II). 
Mercury(II) present in a given sample solution is first complexed 
with an excess of EDTA and the unreacted EDTA is titrated 
against lead nitrate solution at pH 5-6 (hexamine buffer) using 
xylenol orange as the indicator. A 0.8% aqueous solution of  
1-propane thiol is then added to displace EDTA from the Hg(II)-
EDTA complex. The released EDTA is titrated with standard lead 
nitrate solution as before. Reproducible and accurate results are 
obtained for 4-85 mg of mercury(II), with relative error less than 
±0.23 % and coefficient of variation not more than ±0.41 %. The 
effects of various ions were studied. The method is used for the 
analysis of mercury(II) in its synthetic alloy mixtures and also in 
complexes. 
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Mercury plays an important role in chemical and bio-
logical processes. Because of the extensive applica-
tions and toxic nature of mercury compounds, there is 
a need for a simple and rapid analytical method for 
the determination of mercury in samples. 

Mercury(II) is not determined normally by direct 
EDTA titration, particularly in the presence of other 
metal ions1 as EDTA is an unselective complexing 
agent, forms stable complexes with most of the metal 
ions. Usual practice is to complex mercury(II) to-
gether with the associated metal ions by EDTA and 
then dissociate selectively the Hg(II)-EDTA complex 
with an appropriate masking agent. The released 

EDTA is titrated with standard metal ion solution. 
Singh2 has described the determination of mercury(II) 
in the presence of various cations with thiourea as 
masking agent. In this method, the interference of 
copper(II) is avoided by controlling the pH at 5.5 fol-
lowed by cooling the solution at 15°C before the addi-
tion of thiourea. Good results in the presence of cop-
per(II) were obtained with thiourea as masking agent 
when it was present in slight excess over the required 
amount. This causes problem when a sample of un-
known composition needs to be analysed. Selective 
determination of mercury using N-allylthiourea3 as 
masking agent requires heating to decompose the Hg-
EDTA complex and some precipitation of HgS is also 
obtained. In the selective determination of mercury 
using thiosemicarbazide4, as masking agent, copper 
causes serious interference. Ueno5 suggested potas-
sium iodide as masking agent in alkaline medium for 
determining mercury in the presence of copper, but 
many other cations interfered.  
2-Mercaptoethanol6, 3-mercapto-1,2-propanediol7, 
1,10-phenanthroline8, DL-cystein9, cysteamine hydro-
chloride10, thioglycolic acid11, potassium bromide12, 
glutathione13 were also used as a selective masking 
agent for the determination of mercury(II). Some of 
the other masking agents such as 4-amino-5-
mercapto-3-n-propyl-1,2,4-triazole14, 2-imidazo-
lidinethione15, hexahydropyrimidine-2-thione16 re-
quire tedious and time consuming synthesis proce-
dures for their preparation, as they are not readily 
available. 

The present investigation describes the use of 1-
propane thiol as a masking agent for the selective and 
quantitative determination of mercury(II). The effects 
of foreign ions are studied and the applications of the 
method in the analysis of mixture of ions and mercury 
complexes are also reported. 
 
Experimental Procedure 

All reagents used were of analytical or chemically 
pure grade. The stock solutions of mercury(II) chlo-
ride, EDTA(~ 0.04 M) (sodium salt), and lead ni-
trate(0.02 M) were prepared by dissolving a requisite 
amount of salts in minimum amount of water, making 
up to the mark with distilled water and standardizing 
the solution by the standard methods17. Freshly pre-
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pared (0.5 %) aqueous solutions of xylenol orange 
(indicator) and (0.8 %) 1-propane thiol (masking 
agent) were prepared by dissolving the requisite 
amount of reagent in distilled water. Solutions of 
various metal ions were prepared by dissolving calcu-
lated amounts of the metal chlorides/nitrates/sulphates 
in distilled water or with suitable acids and then mak-
ing up to a known volume. 
 
Method 

To an aliquot of sample solution containing 4-85 
mg of mercury(II) and varying amounts of diverse 
metal ions, an excess of 0.04 M EDTA was added and 
the solution was diluted with 25mL of distilled water. 
The pH of the solution was adjusted to 5-6 by adding 
solid hexamine. The surplus EDTA was back titrated 
with standard lead nitrate solution to a sharp colour 
change of xylenol orange from yellow to red. To this, 
a freshly prepared 0.8% solution of 1-propane 
thiol(PT) was added in required amount. The contents 
were mixed well and allowed to stand for 5 min in 
order to ensure the quantitative release of EDTA. The 
liberated EDTA was then titrated with the standard 
lead nitrate solution as before. The second titre value 
is equivalent to the amount of mercury(II) present in 
the aliquot. 
 
Analysis of mercury complexes 

Mercury complexes with thiourea, thiocyanate, 
1,2,4-triazole-3(5)-thiol, thiocarbohydrazide were 
prepared and purified by the reported methods18-22. A 
known weight (approx. 1g) of the complex was care-
fully decomposed with aqua regia by evaporation to 
near dryness. The residue was then cooled, dissolved 
in distilled water and made up to a 100 mL standard 
flask. Aliquots of this solution were used for the esti-
mation of Hg(II) as per the proposed method. 
 
Results and Discussion 
Masking action of 1-propane thiol 

1-Propane thiol(PT) acts as a monodentate ligand 
and forms a stable complex with mercury(II). Accord-
ing to HSAB theory23,24, mercury(II) forms strong 
bond through soft sulphur of mercapto group. There-
fore, it is reasonable to expect the bonding of Hg(II) 
with deprotonated sulphur of thiol group. The quanti-
tative release of EDTA from Hg-EDTA complex by 
1-propane thiol indicates that Hg-PT is more stable 
than Hg-EDTA complex under the conditions em-
ployed. The release of EDTA is quantitative and in-
stantaneous at 25-300C itself. The Hg-PT complex 

formed is soluble under the experimental conditions 
and the detection of the end point is very sharp. 
 
Effect of PT concentration 

It was observed that for instantaneous and quantita-
tive release of EDTA from the Hg(II)-EDTA com-
plex, the amount of PT required was in the molar ratio 
of 1:5 (M:L). Further, it was noticed that the addition 
of excess PT, as much as 20-fold excess over the re-
quired molar ratio does not have adverse effect on the 
results obtained. In all subsequent determinations, the 
concentration of PT was maintained at slight excess 
over the 1:5 (M : L) molar ratio. 
 
Accuracy and precision 

In order to check the accuracy and precision of the 
method, determination of mercury in the concentra-
tion range 4-85 mg were carried out under the opti-
mized experimental conditions. These results are pre-
sented in Table 1. The results show that the maximum 
relative error and coefficient of variation (n=6) of the 
method are ±0.23% and ±0.41%, respectively. From 
these results, it is reasonable to infer that the proposed 
method is precise and accurate. 
 
Effect of foreign ions 

The effect of various cations and anions on the 
quantitative determination of Hg(II) was studied by 
estimating 21.40 mg of Hg(II) in the presence of dif-
ferent metal ions. No interference was observed for 
the following ions at the amounts in mg shown: 
K(50), Zn(II) (250), Pb(II) (220), Cd(II), La(II) (100), 
Ba(II) (60), Co(II) , Ni(II) (50), Cu(II) (30), Mn(II) 
(10), La(III)(100),Y(III) (50), Ir(III), Rh(III) (30), 
Al(III), Au(III) (20), Bi(III) (10), Ce(III), Ru(III) (5) , 
Pt(IV) (30), As(IV) (25), Se(IV) (5), U(VI) (25), ace-
tate(140), borate(200), chloride(150), sulphate, tarta-

Table 1⎯Precision and accuracy in the determination of 
mercury(II) 

Mercury, mg 

Taken Found 

Relative 
error 
(%) 

Standard 
deviation 

(mg) 

Coefficient 
of variation 

(%) 

4.28 4.29 +0.23 0.04 0.33 
8.56 8.57 +0.12 0.04 0.41 
12.84 12.83 -0.08 0.05 0.36 
17.12 17.10 -0.12 0.05 0.26 
21.40 21.40 0.00 0.01 0.05 
25.68 25.68 0.00 0.05 0.18 
34.24 34.22 -0.06 0.05 0.13 
42.80 42.79 -0.02 0.01 0.03 
64.20 64.19 -0.02 0.01 0.03 
85.60 85.55 -0.06 0.02 0.03 
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rate (250), oxalate(50), phosphate(100). Metal ions 
such as Pd(II) as its chloride, Tl(III) as its nitrate, 
Cr(III) and Sn(IV) as their chlorides show severe in-
terference giving positive errors. This is due to the 
release of EDTA from their respective complexes by 
the reagent. However, the interference of Pd(II) (up to 
5 mg) and Tl(III) (20 mg) can be avoided by premask-
ing these ions with L-histidine  
(5% C3H9N3O2,15-20mL) (0.75 - 1.0 g) and hydrazine 
sulphate (5% N2H4.H2SO4, 10mL) (0.5 g), respec-
tively. The interference of Cr(III) is due to the deep 
purple colour of its EDTA complex, which makes the 
detection of the end point rather difficult. 
 
Applications 

In order to explore the practical application of the 
proposed method, it was extended for the determina-
tion of mercury in its complexes and in synthetic mix-
ture of metal ions. The experimental results of these 
analyses are presented in Tables 2 and 3, respectively. 

It is evident from these results that the method can be 
conveniently employed in the analysis of mercury in 
its complexes and alloys with a fair degree of accu-
racy. 
 
Conclusions 

The proposed method is simple as it does not re-
quire any adjustment of pH after the addition of the 
reagent or heating for the release of EDTA from the 
Hg(II)-EDTA complex. Since many metal ions and 
anions do not show interference, the method is fairly 
selective for the rapid analysis of mercury in the pres-
ence of these ions. 
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Table 2⎯ Analysis of mercury complexes (n=3) 

Complex Hg (II) cal-
culated (%) 

Hg (II) 
found (%) 

Relative 
error (%) 

Hg(CH4N2S)Cl2.1/2 
H2Oa 

56.69 56.61 -0.14 

Hg(CH4N2S)2Cl2
b 47.34 47.40 +0.13 

Hg(CH6N4S)2 Cl2
c 41.46 41.40 -0.15 

Hg[Zn(SCN)4 ] 40.27 40.20 -0.17 
Hg(C2H2N3S)2

d 50.05 49.96 -0.18 
aMercury complex of thiourea  
 bMercury complex of thiourea  
 cMercury complex of thiocarbohydrazide 
 dMercury complex of 1,2, 4-triazole-3(5)-thiol 

Table 3⎯ Determination of mercury(II) in synthetic mi
ions(n=5) 

Mixture Composition 
(mg) 

Hg (II) found
(mg) 

Hg + Zn + Pb 21.4 + 50.0 + 
80.0 

21.38 

Hg + Co + Cd 21.4 + 40.0 + 
40.0 

21.43 

Hg + Zn + Ni 21.4 + 50.0 + 
30.0 

21.42 

Hg + Zn + Pb + Ni 21.4 + 50.0 + 
60.0 + 30.0 

21.43 

Hg + Zn + Ni + Cd 21.4 + 60.0 + 
40.0 + 30.0 

21.38 

Hg + Zn + Ni + Cd 14.2 + 39.6 + 
26.4 + 19.8 

21.42 


